Introduction
Bisphenol-A (BPA) is used extensively in industry and is present in a diverse range of manufactured articles, such as polycarbonate plastics and epoxy resins. BPA is considered to be one of the endocrine disrupters that have the ability to interfere with normal hormonal activity by mimicking and blocking the action of natural hormones. The xenoestrogenic effects of BPA in vivo can be exhibited at a very low concentration. 1 Therefore, it is desirable to develop an easy and sensitive analytical method for the determination of trace amounts of BPA in environmental samples.
In recent years, for the determination of BPA in environmental water, GC, 2 GC-MS, [3] [4] [5] [6] [7] [8] LC-MS, 9,10 LC coulometric-array detection 11 and HPLC fluorescence detection 12, 13 have been developed. However, the level of the detection limit of BPA by these methods is in the ng/l -µg/l range and the sensitivity is insufficient.
We previously developed an extremely sensitive fluorescent derivatization reagent, 2-methoxy-4-(2-phthalimidinyl)-phenylsulfonyl chloride (MPS-Cl), for the determination of phenols.
14 This reagent reacts quantitatively with the hydroxyl group of phenol to form stable and highly fluorescent sulfonyl esters. In this paper, a highly sensitive, simple semi-micro column HPLC method for the determination of BPA in water with fluorescence detection after precolumn derivatization with MPS-Cl is described.
Experimental

Instrumental conditions
The semi-micro column HPLC system (Hitachi, Tokyo, Japan) consisted of an L-7100 HPLC pump with a low-pressure gradient system, an L-7300 column oven, an L-7200 autosampler (5-µl injection), an L-7480 fluorescence detector (flow cell, 2 µl) and a D-7500 integrator, and a DGU-14A on-line degasser (Simadzu, Kyoto, Japan) were used. The separation was performed on a TSKgel ODS-80Ts column (2 × 120 mm i.d., 5 µm; TOSOH) at 40˚C with a stepwise elution using (A) water-(B) methanol. The elution was started with 78% of B for 20 min, and then followed by a stepwise increase to 100% of B to wash, and was kept for 6 min, and finally went back to 78% of B to re-equilibrate the column for 6 min. The flow-rate was 0.2 ml/min. The fluorescence intensity was monitored at excitation (Ex) and emission (Em) wavelengths of 308 nm and 410 nm, respectively.
Chemicals
All chemicals were of analytical-reagent grade, unless stated otherwise. MPS-Cl was prepared as described previously. 14 HPLC-grade methanol was obtained from Wako (Osaka, Japan). BPA was purchased from Nacalai Tesque (Kyoto, Japan). Water was distilled using an Auto Still WG220 (Yamato, Tokyo, Japan) and further purified by an Auto Pure WQ500 (Yamato). Working standard solutions of BPA were prepared by diluting the stock standard solution (10 mM, stored at 4˚C) with acetone. A C18-disk was obtained from GL Sciences Inc. (Tokyo, Japan). For pre-conditioning, C18-disk was washed successively with acetone (10 ml, 3 times), acetonitrile (10 ml, 3 times), methanol (20 ml, 2 times) and H2SO4 (5 mM, 10 ml).
Preparation of and analytical data for MPS-BPA
To a solution of BPA (60 mg, 0.265 mmol) in acetonitrile (20 ml), borate buffer (0.1 M, pH 9.5, 20 ml) and MPS-Cl (250 mg, 0.583 mmol) in acetonitrile (125 ml) were added. The mixture was stirred for 1 h at 50˚C. The precipitate was filtered off, followed by washing with water and acetonitrile.
The derivative was recrystallized from acetonitrile. 
Determination of BPA in river-water samples
A river-water sample (250 ml) was passed through a C18 disk and the disk was dried under a vacuum for 1 min. The BPA was eluted with acetone (3 ml), followed by the addition of NaOH (0.02 M, 100 µl) to the eluate; the mixture was then evaporated in a stream of nitrogen gas at 50˚C. These procedures (elution and evaporation) were repeated three times. After the residue was dissolved in acetone (20 µl), borate buffer (0.1 M, pH 9.5, 40 µl) and MPS-Cl (5 mM, in acetonitrile, 100 µl) were successively added and mixed well. The labeling reaction was carried out at 70˚C for 20 min, and then proline (0.1 M, 20 µl) was added to the reaction mixture. An aliquot (5 µl) of the reaction mixture was subjected to semi-micro column HPLC.
Results and Discussion
Structure and fluorescence spectra of MPS-BPA
MPS-Cl reacted with BPA in a basic medium to give the corresponding fluorescent sulfonyl ester.
The structure confirmed by MALDI-TOF/MS and 1 H-NMR is shown in Fig.  1 .
The fluorescence spectra of MPS-BPA in aqueous methanol (25 -90%) and methanol were measured. The sample solutions were prepared by the dilution of dimethylsulfoxide solutions of the derivatives (2 mM) with dimethylsulfoxide to 10 µM, and then successively with the measuring solvents to 0.1 µM. The maximum fluorescence wavelengths (around Ex 308 nm and Em 410 nm) of MPS-BPA were changed little in all media examined, and the fluorescence intensities were at a maximum in 50 -75% methanol. When the effect of the pH on the fluorescence of MPS-BPA was examined in the pH range of 4 -8, the fluorescence wavelengths and intensity of the derivative were not influenced by the pH.
HPLC chromatogram
Chromatograms of the reaction mixture of a standard solution of BPA, the reagent blank and a river water sample are shown in Fig. 2 . The river-water sample was pretreated according to a procedure described in the Experimental section. The peak due to BPA eluted at 11.6 min, and was completely separated from the peaks due to the reagent blanks and other components. The peak due to BPA in a river-water sample was identified by comparing the retention time with those of standard BPA and the prepared MPS-BPA, and by co-chromatography of the standard and sample.
Labeling reaction and labeling yield of BPA with MPS-Cl
The labeling reaction conditions of BPA with MPS-Cl were examined using a standard solution of BPA (10 µM, 20 µl) without any pretreatment using a C18-disk. The effect of the reaction time on the labeling reaction was tested at 50 and 70˚C. The peak area reached a maximum after a reaction time of more than 20 min at 50˚C or 15 min at 70˚C. When the effect of the pH of borate buffer (0.1 M, pH 8.0 -10.0) on the labeling reaction was tested, the maximum and constant peak area was obtained by a reaction at the pH range of 9 -10. When an excess amount of MPS-Cl was present in the reaction mixture, it was suspected of causing the guard column to degrade. However, these problems were solved by the addition of proline, which reacted with MPS-Cl at room temperature within 1 min. The derivative of proline was eluted at about 2 min.
The efficiency of the conversion of BPA into the fluorescent derivative was examined by comparing the peak area under the reaction conditions with that of the prepared MPS-BPA. The extent of the conversion was about 95%.
Linearity, detection limit, precision and recovery
When the relationship between the peak area and the concentration of BPA was examined using water (250 ml) spiked with standard BPA (20 -400 pmol, corresponding 80 to 1600 pM), the linearity was obtained. The detection limit (signal-to-noise ratio = 3) of MPS-BPA was 10 fmol per injection (corresponding to 0.3 ng/l in the sample). The sensitivity of the proposed method could be increased ca. 300 times compared to GC, 2 ca. 17 -3300 compared to GC-MS, 3, 7 ca. 400 compared to LC-MS, 10 ca. 30 times compared to LC coulometric-array detection 11 and ca. 2200 compared to HPLC fluorence detection. 12 When the within-day and day-to-day precisions of this method were evaluated using water (250 ml) spiked with standard BPA (50 pmol, corresponding to 200 pM in the sample), the relative standard deviations were 3.2% (n = 5) and 6.7% (n = 4), respectively.
Recovery tests were examined using river-water samples (concentration of BPA: 92 and 119 pM) spiked with standard BPA (50 pmol, corresponding to 200 pM in the sample). The recoveries were 94.8 and 94.2% (n = 2), respectively.
The proposed method for the determination of BPA employing HPLC is highly sensitive and reliable. In addition, the BPA concentrations of the three samples of river water in Fukuyama (Japan) were 60, 92 and 119 pM (average of duplicate assay).
